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PROCESS DEVICE WITH QUIESCENT CURRENT 

DIAGNOSTICS 

BACKGROUND OF THE INVENTION 
The present invention relates to process 
5 devices of the type used in industrial processes. 
More particularly, the present invention relates to 
diagnostics of such process devices. 

Field devices such as process controllers, 
monitors and transmitters, are used in the process 

10 control industry to remotely control or sense a process 
variable. For example , a process variable may be 
transmitted to a control room by a transmitter for use 
in controlling the process or for providing information 
about process operation to a controller. For example, 

15 information related to pressure of process fluid may be 
transmitted to a control room and used to control the 
process, such as oil refining. 

One typical prior art technique for 
transmitting information involves controlling the 

20 amount of power flowing through a process control loop. 
Current is supplied from a current source in the 
control room and the transmitter controls the current 
from its location in the field. For example, a 4 mA 
signal can be used to indicate a zero reading and a 20 

25 mA signal can be used to indicate a full scale reading. 
More recently, transmitters have employed digital 
circuitry which communicates with the control room 
using a digital signal which is superimposed onto the 
analog current signal flowing through the process 

30 control loop. One example of such a technique is the 
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HART® communication protocol proposed by Rosemount Inc. 
The HART® protocol and other such protocols typically 
include a set of commands or instructions which can be 
sent to the transmitter to elicit a desired response, 
5 such as transmitter control or interrogation. 

Fieldbus is a communications protocol 
proposed by the Fieldbus Foundation and is directed to 
defining a communications layer or protocol for 
transmitting information on a process control loop. In 

10 the Fieldbus protocol , the current flowing through the 
loop is not used to transmit an analog signal. 
Instead, all information is digitally transmitted. 
Further, the Fieldbus standard, and a standard known as 
Profibus, allow transmitters to be configured in a 

15 multi-drop configuration in which more than one 
transmitter is connected on the same process control 
loop. Other communication protocols include the MODBUS® 
protocol and Ethernet. In some configurations, two, 
three, four or any number of wires can be used to 

20 connect to the process device, including non-physical 
connections such as RF (radio frequency) . 

It is often desirable to monitor operation 
of process devices. One device which provides built-in 
test equipment is shown in U.S. Patent No. 5,481,200 

25 entitled FIELD TRANSMITTER BUILT-IN TEST EQUIPMENT. 

When a process device fails, it is often 
necessary to shut down the entire process so that the 
failed device can be repaired or replaced. Typically, 
it is not possible to predict an impending failure of 
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a process device prior to its occurrence. Thus, when 
the process device does fail, it occurs unexpectedly, 
and may require the unexpected shut down of the 
entire process. Although various attempts have been 
5 made at predicting an impending failure prior to its 
occurrence, there is an ongoing need for such a 
technique. Prior prediction of a pending failure 
allows the failing device to be replaced as desired 
prior to its ultimate failure. 
10 SUMMARY 

A process device for use on an industrial 
process control system includes a connection 
configured to couple to a process control loop. 
Quiescent current draw of the process device is 
15 monitored. Diagnostic circuitry determines or predicts 
a diagnostic condition of the process transmitter as a 
function of the quiescent current. 

BRIEF DESCRIPTION OF THE DRAWINGS 
Figure 1 is a diagram of a process control 
20 system including a transmitter in accordance with the 
present invention . 

Figure 2 is a perspective view of the 
transmitter shown in Figure 1. 

Figure 3 is a simplified electrical block 
25 diagram showing components in the transmitter of 
Figure 1 used in quiescent current draw measurement 
and diagnostics. 
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DETAILED DESCRIPTION 
The present invention provides a diagnostic 
technique for predicting a failure of a process 
device prior to the occurrence of the failure. With 
5 the present invention, quiescent current draw is 
monitored. Changes in the quiescent current draw are 
detected and used to predict an impending failure of 
the process device. 

Figure 1 is a diagram of process control 

10 system 10 which includes a transmitter 12 connected 
to process pipe 16. As discussed below, transmitter 
12 is one type of process device and the present 
invention is applicable to any process device. 
Transmitter 12 is coupled to a two-wire process 

15 control loop which operates in accordance with the 
Fieldbus, Profibus or HART® standard. However, the 
invention is not limited to these standards or a two- 
wire configuration. Two-wire process control loop 18 
runs between transmitter 12 and the control room 20. 

20 In an embodiment in which loop 18 operates in 
accordance with the HART® protocol. Loop 18 can carry 
a current I which is representative of a sensed 
process variable. Additionally, the HART® protocol 
allows a digital signal to be superimposed on the 

25 current through loop 18 such that digital information 
can be sent to or received from transmitter 12. When 
operating in accordance with the Fieldbus standard, 
loop 18 carries a digital signal and can be coupled 
to multiple field devices such as other transmitters. 
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Figure 2 is a perspective view of 
transmitter 12 which shows one example configuration 
5 of internal circuitry blocks carried therein. 
Transmitter 12 includes a feature module 40 which 
couples to a sensing module 42. The sensing module 42 
couples to process piping 16 (not shown in Figure 2) 
through manifold process coupling 44. 

10 Feature module 40 includes feature module 

electronic circuitry 50 which couples to sensing 
module electronic circuitry 52 carried in sensing 
module 42. Typically, the sensing module electronic 
circuitry 52 couples to a process variable sensor 

15 which is used to sense a process variable related to 
operation of the process. Feature module electronic 
circuitry 50 includes a diagnostic module 60 which 
couples to a quiescent current sensor 62. The 
diagnostic module 60 can be implemented in hardware , 

20 software or a hybrid combination of the two. 
Quiescent current sensor 62 can be configured to 
monitor the total quiescent current drawn by 
transmitter 12 , the quiescent current drawn by 
feature module electronic circuitry 50 and/or the 

25 quiescent current draw by sensing module electronic 
circuitry 52. 

Predictive diagnostics can provide a 
significant benefit in the process control industry. 
Predictive diagnostics provide advanced knowledge of 
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an impending failure. A sensor 21 is shown 
generically in FIG. 1 and couples to transmitter 12. 
FIG. 1 also shows a process controller 22 coupled to 
a control element 24 such as a valve. A process 
5 monitor 26 is also shown coupled to loop 18. The 
process monitor 26 is shown as a handheld device, 
however, the monitor 26 can also be a field mounting 
device. The process monitor provides visibility 
(access) to the diagnostic prediction that 

10 maintenance is recommended. This gives the operator 
opportunity to conduct maintenance prior to the 
ultimate failure of the device. This allows the 
maintenance to be conducted on a desired schedule and 
does not require the process to be shut down at an 

15 inopportune time. This results in increased plant 
availability and improved efficiency. The present 
invention provides a method and apparatus to monitor 
the health of electronic assemblies in a field device 
by detecting changes in the quiescent current. Such 

20 changes are used to predict and alert an operator if 
there is a degradation of an electronic component or 
other fault which causes increased current 
consumption. 

The present invention monitors changes in 

25 the quiescent current , for example gradual increases 
in the quiescent current , to detect the onset of 
failure in transmitter electronics. For example , 
latent failures due to electrostatic discharge (ESD) 
damage, component damage due to lightning or 
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transient events, leakage in semiconductors (for 
example Zener diodes), leakage in a filter component 
(for example capacitors), or leakage due to dendritic 
growth or corrosion can be detected based upon 
5 changes in the quiescent current. 

In process control devices which are 
powered on a two wire process control loop, the 
quiescent operating current is a critical parameter. 
Examples of standards used with two wire process 

10 control loop include the HART® standard and the 
Fieldbus standard. Transmitters control the current 
flowing through the process control loop to provide 
an indication related to a sensed process variable. A 
basic premise of such devices is that they cannot 

15 regulate the loop current to a value which is less 
than the quiescent current required by the device. 
Various activities during operation of a process 
device can change the current drawn, for example, 
modulating a digital signal on to the current loop or 

20 drawing additional current during a high power 
operation such as writing to a non-volatile memory 
(such as an EEPROM) . Transmitters can also regulate 
the current to fixed values in order to indicate the 
occurrence of a particular condition. For example, 

25 certain transmitters provide a low current output to 
indicate an alarm condition, such as 3.6 milliamps. 
An alarm condition can be any event which is detected 
by the transmitter which is preconf igured to cause an 
alarm condition output. 
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In one example, when such a transmitter is 
measuring the level of a tank, and the tank is 
nominally half-full, a 12 milliamp output current is 
provided. The quiescent current draw of the 
5 transmitter is 3.0 milliamps. With such a 
configuration, the device will be able to achieve the 
low alarm setting of 3.6 milliamps. Further, 
communication in accordance with the HART® protocol 
can also occur. 

10 However, when the circuitry in the 

transmitter is damaged, for example by a lightning 
strike or other event, and the quiescent current 
required by the transmitter rises to 3.5 milliamps, 
the transmitter will not be able to transmit the low 

15 alarm signal of 3.6 milliamps without affecting any 
HART® digital communications. The HART® 

communications will not have sufficient head room 
(HART® protocol requires ± 0.5 mA modulation for 
communication) beyond the quiescent current draw for 

20 transmission. For example, the digital signal used 
in HART® transmissions will be "clipped" such that it 
has an average value which is not zero. This will 
introduce an error into the analog current level. 
Further, queries (typically in a digital format) sent 

25 to the transmitter may be unsuccessful. 

If the quiescent current draw continues to 
rise and reaches 3.9 milliamps, the transmitter will 
not even be able to transmit the low alarm signal of 
3.6 milliamps because this would bring the total 
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current draw below the new quiescent current value. 
Continued HART® communication attempts will also be 
unsuccessful . 

This situation can be further exacerbated 
5 if the transmitter quiescent current rises above 4 
milliamps. In such a situation, if the transmitter 
attempts to transmit the low alarm signal of 3.6 
milliamps or any current below the quiescent current 
value, the actual current transmitted approximates 

10 the quiescent value. As currents between 4 and 20 mA 
are used to indicate the expected range of process 
variables and the transmitted current in this 
scenario exceeds 4 mA, an improper indication of 
normal operation is provided. 

15 In each of these situations, it is unlikely 

that an operator will recognize the degradation to 
the transmitter because the transmitter will provide 
an appropriate output of 12 milliamps during nominal 
conditions in which the tank is half -full. The 

20 quiescent current problem will only be identified 
during a fault condition that requires the signaling 
of the low alarm value of 3.6 milliamps or when any 
value below the quiescent current level is required. 

With the present invention, the quiescent 

25 current drawn by the transmitter is monitored, and if 
desired, trends are observed in the current draw. In 
the above failure scenario, when the transmitter 
detects a failure or impending failure, the 
transmitter can set the current in the loop to a high 
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alarm value , rather than the low alarm value. The 
high alarm value can be used to indicate the 
quiescent current diagnostics determined that the 
transmitter is failing or predicted to fail. 
5 Alternatively, a digital signal can be transmitted to 
indicate such a failure. Other example failures which 
can be detected as increases in the quiescent 
current include component degradation, dendritic 
growth or similar faults to thereby provide an early 

10 warning of an impending failure. 

In one example diagnostic technique, the 
quiescent current draw is compared to a base line 
acceptable current draw. Other values which can be 
used in comparisons include a running or windowed 

15 average, a nominal value or a trend. For example, the 
base line can be characterized over a temperature 
range during commissioning or manufacture of a 
transmitter and stored in memory as a reference. 
Expert systems or other techniques can be used, 

20 including neural networks or fuzzy logic, to identify 
such trends. 

In transmitters which are of modular 
design, for example the transmitter 12 shown in 
Figure 2, the baselines for the various modules can 

25 be generated separately. For example, a base line 
quiescent current draw for the sensing module 42 and 
the feature module 40 can be configured separately. 
In another example embodiment, once the modules are 
assembled, the feature module electronics 50 can be 
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used to measure the quiescent current draw of the 
sensing module electronics 52. This allows the 
feature module electronics 50 to calibrate the 
measured quiescent current reading to the base line 
5 data during commissioning. Another alternative 
includes calibrating the feature module electronics 
50 and the sensing module electronics 52 to a 
standard calibration for temperature effects, for 
example derived from test data. 

10 The quiescent current can be measured using 

any appropriate technique. In one example embodiment, 
the transmitter measures current draw by monitoring 
the voltage drop across a current sense resistor. The 
current draw can also be inferred from multiple 

15 measurements such as voltage drops or current draws 
of multiple components. Such a current sensor may 
exist in the circuitry used to power the various 
modules or may be added as an additional component. 
The quiescent current draw of the feature module 

20 electronics 50 can also be determined by measuring 
the voltage drop across a current sensor resistor or 
by measuring the total quiescent current draw of the 
transmitter 12 and subtracting the measured quiescent 
current draw of the sensing module electronics 52. 

25 The quiescent current diagnostic techniques 

of the present invention can also be used for 
predicting communication difficulties or 

communication impending failures. For example, as the 
quiescent current draw increases, distortion occurs 
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in the communication signal due to insufficient 
current head room carried on the two wire process 
control loop 18. Foundation Fieldbus for example 
requires a minimum of ± 8 mA modulation for 
5 communication. Prior to generation of such errors, 
the transmitter can provide a diagnostic output 
indicative of the impending failure. This 
configuration can be particularly advantageous in 
devices which communicate exclusively in a digital 

10 format. On such a device, if the quiescent current 
draw prevents transmission of a digital signal, the 
device has no other means by which to transmit 
diagnostic information. Therefore, with such a 
configuration, the process device can transmit an 

15 indication of an impending failure, prior to ultimate 
failure. In another example, the device can activate 
circuitry to disconnect itself from the communication 
for the process control loop. For example, if the 
quiescent current draw of the device has reached or 

20 is training in a direction in which loop will cease 
to function, the device can transmit a warning of 
impending failure and/or disconnect itself from the 
loop such that the loop can continue to operate. 

The quiescent measurement circuitry can be 

25 implemented using any appropriate technique such as 
an analog to digital converter which measures a 
voltage drop across a current sensor resistor. The 
output of the analog to digital converter can be 
provided to a microprocessor which implements the 
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diagnostic function. For example, the measured 
quiescent current draw can be compared against a 
stored value and compensated based upon temperature 
or other factors. In some embodiments, the 
5 microprocessor may control electronics, within the 
transmitter to compensate for the increased quiescent 
current draw. For example, power can be removed from 
certain electronic components such that the 
transmitter can continue functioning despite the 

10 occurrence of a component failure. This would allow 
an operator additional time to replace the 
malfunctioning device. 

Figure 3 is a simplified block diagram 
showing circuitry in transmitter 12. In Figure 3, 

15 feature module electronic 50 is shown coupled to two 
wire process control loop 18 through a series 
regulator resistor 62C, a shunt regulator 100, a 
resistor 102 and a loop readback 104. A sensing 
module power regulator 110 couples to sensing module 

20 electronics 52 through a sensing module current 
regulator resistor 62B. Sensing module electronics 52 
is also shown coupled to the process through a 
process variable sensor 112. An optional output 
display 114 is also provided. 

25 The diagnostic circuitry is implemented as 

microcontroller 60 which couples to a feature module 
power regulator 120, a digital to analog converter 
122 and in an analog to digital converter 62A. Analog 
to digital converter 62A couples to resistors 62B and 
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62C and is configured to measure the loop current 
through the connection to resistors 130 and 132. 

In operation, the microcontroller 60 is 
configured to control the current I through loop 18 , 
5 and any digital data modulated onto that current, 
using D/A 122 and shunt regulator 100. The analog to 
digital converter 62A provides an output which is 
indicative of the current flowing I through loop 18. 
Further, analog to digital converter 62A can provide 

10 an output to microcontroller 60 which is related to 
the voltage drop across resistor 62C. This voltage 
drop is related to the quiescent current draw of all 
circuitry and transmitter 12. Similarly, the analog 
to digital converter 62A can provide an output 

15 related to the voltage drop across resistor 62B which 
is indicative of quiescent draw of the sensing module 
electronics 52. The microcontroller 60 includes a 
memory 140 which contains base line data regarding 
the quiescent current draw the various components. By 

20 periodically comparing the measured quiescent current 
draw with the quiescent current draw stored in memory 
140, the microcontroller can determine if the 
quiescent current draw has exceeded specification. As 
discussed above, the stored quiescent current draw 

25 can be characterized based upon transmitter 
temperature or other measurements. 

Upon the detection of an aberration in the 
quiescent current draw, the microcontroller can 
transmit a warning on process control loop 18 or 
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display an output on display 114 or some other type 
of visual output. The output can be a digital signal 
or the current I on loop 18 can be set to a fixed 
current level. 

5 As discussed above, the present invention 

is applicable to any process device which is used in 
a process control environment. In general , process 
control devices, such as transmitter 12 shown in FIG. 
1 are used to monitor or control process variables. 

10 Process variables are typically the primary 

variables which are being controlled in a process. As 
used herein, process variable means any variable 
which describes the condition of the process such as, 
for example, pressure, flow, temperature, product 

15 level, pH, turbidity, vibration, position, motor 
current, any other characteristic of the process, 
etc. Control signal means any signal (other than a 
process variable) which is used to control the 
process. For example, control signal means a desired 

20 process variable value (i.e. a setpoint) such as a 
desired temperature, pressure, flow, product level, 
pH or turbidity, etc., which is adjusted by a 
controller or used to control the process. 
Additionally, a control signal means, calibration 

25 values, alarms, alarm conditions, the signal which is 
provided to a control element such as a valve 
position signal which is provided to a valve 
actuator, an energy level which is provided to a 
heating element, a solenoid on/off signal, etc., or 
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any other signal which relates to control of the 
process. A diagnostic signal as used herein includes 
information related to operation of devices and 
elements in the process control loop, but does not 
5 include process variables or control signals. For 
example, diagnostic signals include valve stem 
position, applied torque or force, actuator pressure, 
pressure of a pressurized gas used to actuate a 
valve, electrical voltage, current, power, 

10 resistance, capacitance, inductance, device 

temperature, stiction, friction, full on and off 
positions, travel, frequency, amplitude, spectrum and 
spectral components, stiffness, electric or magnetic 
field strength, duration, intensity, motion, electric 

15 motor back emf, motor current, loop related 
parameters (such as control loop resistance, voltage, 
or current), or any other parameter which may be 
detected or measured in the system. Furthermore, 
process signal means any signal which is related to 

20 the process or element in the process such as, for 
example, a process variable, a control signal or a 
diagnostic signal. Process devices include any device 
which forms part of or couples to a process control 
loop and is used in the control or monitoring of a 

25 process. 

As discussed above, FIG. 1 is a diagram 
showing an example of a process control system 10 
which includes process piping 16 which carries a 
process fluid and two wire process control loop 18 
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carrying loop current I. A transmitter 12, 

controller 22, which couples to a final control 
element in the loop such as an actuator, valve, a 
pump, motor or solenoid, communicator 26, and control 
5 room 20 are all part of process control loop 18. It 
is understood that loop 18 is shown in one 
configuration and any appropriate process control 
loop may be used such as a 4-20 mA loop, 2, 3 or 4 
wire loop, multi-drop loop and a loop operating in 

10 accordance with the HART®, Fieldbus or other digital 
or analog communication protocol. In operation, 
transmitter 12 senses a process variable such as flow 
using sensor 21 and transmits the sensed process 
variable over loop 18. The process variable may be 

15 received by controller/valve actuator 22, 
communicator 26 and/or control room equipment 20. 
Controller 22 is shown coupled to valve 24 and is 
capable of controlling the process by adjusting valve 
24 thereby changing the flow in pipe 16. Controller 

20 22 receives a control input over loop 18 from, for 
example, control room 20, transmitter 12 or 
communicator 26 and responsively adjusts valve 24. 
In another embodiment, controller 22 internally 
generates the control signal based upon process 

25 signals received over loop 18. Communicator 26 may 
be the portable communicator shown in Figure 1 or may 
be a permanently mounted process unit which monitors 
the process and performs computations. Process 
devices include, for example, transmitter 12 (such as 
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a 3095 transmitter available from Rosemount Inc.), 
controller 22, communicator 26 and control room 20 
shown in Figure 1. Another type of process device is 
a PC, programmable logic unit (PLC) or other computer 
5 coupled to the loop using appropriate I/O circuitry 
to allow monitoring, managing, and/or transmitting on 
the loop. 

Any of the process devices 12, 22, 26 or 20 
shown in FIG. 1 may include a diagnostic capability 

10 in accordance with the present invention. 

FIG. 4 is a block diagram of a process 
device 240 forming part of loop 18. Device 240 is 
shown generically and may comprise any process device 
such as transmitter 12, controller 22, communicator 

15 26 or control room equipment 20 shown in FIG. 1. 
. Control room equipment 20 may comprise, for example, 
a DCS system implemented with a PLC and controller 22 
may also comprise a "smart" motor and pump. Process 
device 240 includes I/O circuitry 242 coupled to loop 

20 18 at terminals 244. I/O circuitry has preselected 
input and output impedance known in the art to 
facilitate appropriate communication from and to 
device 240. Device 240 includes microprocessor 246, 
coupled to I/O circuitry 242, memory 248 coupled to 

25 microprocessor 246 and clock 250 coupled to 
microprocessor 246. Microprocessor 246 receives a 
process signal input 252. Block input is intended to 
signify input of any process signal, and as explained 
above, the process signal input may be a process 
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variable, or a control signal and may be received 
from loop 18 using I/O circuitry 242 or may be 
generated internally within field device 240. Field 
device 240 is shown with a sensor input channel 254 
5 and a control channel 256. Typically, a transmitter 
such as transmitter 12 will exclusively include 
sensor input channel 254 while a controller such as 
controller 22 will exclusively include a control 
channel 256. Other devices on loop 18 such as 

10 communicator 26 and control room equipment 20 may not 
include channels 254 and 256. It is understood that 
device 240 may contain a plurality of channels to 
monitor a plurality of process variables and/or 
control a plurality of control elements as 

15 appropriate. 

Sensor input channel 254 includes sensor 21, 
sensing a process variable and providing a sensor 
output to amplifier 258 which has an output which is 
digitized by analog to digital converter 260. Channel 

20 254 is typically used in transmitters such as 
transmitter 12. Compensation circuitry 262 compensates 
the digitized signal and provides a digitized process 
variable signal to microprocessor 246. In one 

embodiment, channel 254 comprises a diagnostic channel 

25 which receives a diagnostic signal. 

When process device 240 operates as a 
controller such as controller 22, device 240 includes 
control channel 256 having control element 24 such as a 
valve, for example. Control element 24 is coupled to 
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microprocessor 24 6 through digital to analog converter 
264 , amplifier 266 and actuator 268. Digital to analog 
converter 264 digitizes a command output from 
microprocessor 24 6 which is amplified by amplifier 2 66. 
5 Actuator 2 68 controls the control element 24 based upon 
the output from amplifier 266. In one embodiment, 
actuator 268 is coupled directly to loop 18 and 
controls a source of pressurized gas (not shown) to 
position control element 24 in response to the current 

10 I flowing through loop 18. In one embodiment, 
controller 22 includes control channel 256 to control a 
control element and also includes sensor input channel 
254 which provides a diagnostic signal such as valve 
stem position, force, torque, actuator pressure, 

15 pressure of a source of pressurized air, etc. 

In one embodiment, I/O circuitry 242 
provides a power output used to completely power other 
circuitry in process device 240 using power received 
from loop 18. Typically, field devices such as 

20 transmitter 12, or controller 22 are powered off the 
loop 18 while communicator 26 or control room 20 has a 
separate power source. As described above, process 
signal input 252 provides a process signal to 
microprocessor 24 6. The process signal may be a 

25 process variable from sensor 21, the control output 
provided to control element 24, a diagnostic signal 
sensed by sensor 21, or a control signal, process 
variable or diagnostic signal received over loop 18, or 
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a process signal received or generated by some other 
means such as another I/O channel. 

A user I/O circuit 276 is also connected to 
microprocessor 246 and provides communication between 
5 device 240 and a user. Typically, user I/O circuit 276 
includes a display and audio for output and a keypad 
for input. Typically, communicator 26 and control room 
20 includes I/O circuit 27 6 which allows a user to 
monitor and input process signals such as process 

10 variables, control signals (setpoints, calibration 
values, alarms, alarm conditions, etc.). A user may 
also use circuit 276 in communicator 26 or control room 
20 to send and receive such process signals to 
transmitter 12 and controller 22 over loop 18. 

15 Further, such circuitry could be directly implemented 
in transmitter 12, controller 22 or any other process 
device 240. 

FIG. 4 also illustrates a quiescent current 
sense circuitry 278. The quiescent current sense 

20 circuitry can be an individual current sensor, or it 
can be formed from multiple sensors, or sensors in 
which current draw is inferred. The sense circuitry 
couples to microprocessor 246. Microprocessor 246 can 
monitor the quiescent current output circuitry 27 8 and 

25 provide an indication of a failure or impending 
failure. For example, the microprocessor can compare 
the quiescent current to a baseline value or a nominal 
value. This information can be stored in memory 248. 
The baseline and nominal values can change based upon 
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the mode of operation of the process device 240, or 
other factors. Further, the diagnostics performed by 
microprocessor 246 can be based upon trends in the 
quiescent current. For example, an increase, either 
5 gradual or suddenly over time, or periodic spikes or 
other anomalies in the quiescent current draw, can be 
an indication of an impending failure. Similarly, if 
the quiescent current suddenly spikes, the 
microprocessor 24 6 can provide a diagnostic output 

10 indicating that the process device 240 temporarily 
failed. These values, trends, or training profiles can 
also be stored in memory 248. The diagnostics can be 
based upon a simple comparison, or more complex 
mathematical techniques such as observing averages or 

15 rolling averages of measurements, fuzzy logic 
techniques, neural network techniques, or expert system 
techniques based upon a series of rules and/or 
threshold comparison. The ability of the present 
invention to provide predictive diagnostics can be 

20 advantageous because it provides time for service 
personnel to service the process device 240 prior to 
its ultimate failure. Further, some types of process 
devices may simply go offline when they ultimately 
fail. Such a device provides no output which indicates 

25 that it is in failure mode and therefore the operator 
is now alerted that a failure has occurred. 

The present invention can also be 
implemented in wireless devices used in process control 
systems. In such a device, power must be supplied 
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through an internal power source. Such devices can be 
particularly power sensitive. With the present 
invention, for example, measurement circuitry, or other 
circuitry within the device, can be shut down such that 
5 the wireless device has sufficient power to communicate 
and provide an output indicating that a component has 
failed or is in the process of failing. 

The diagnostic output of the present 
invention can be used to provide an output signal, 

10 provide a visual indication to an operator, provide a 
communication signal for transmission to a control 
room, operate to disconnect the circuitry responsible 
for the increased quiescent current draw, or other 
circuitry of the device, disconnect the process 

15 device from the process control loop, or take other 
actions . 

Although the present invention has been 
described with reference to preferred embodiments, 
workers skilled in the art will recognize that 

20 changes may be made in form and detail without 
departing from the spirit and scope of the invention. 
The diagnostic circuitry can monitor quiescent 
current draw of all circuitry in the transmitter, or 
just subcircuitry within the transmitter. As used 

25 herein, quiescent current includes normal current 
draw along with any undesired current draw due to 
leakage, failing or failed components, etc. The above 
description illustrates the invention in one example 
configuration and any appropriate process control 
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loop may be used such as 4-20 mA, 2, 3, or 4 wire 
loop multi-drop loop and a loop operating in 
accordance with HART®, Fieldbus or other digital or 
analog communication protocol. 



